Four new crotofolane-type diterpenoids, crotocarasin (A-D) (1-4), together with the known crotofolin E, were isolated from a dichloromethane extract of the stems of Croton caracasanus Pittier. The structures of the new compounds were determined by spectroscopic methods, and the structure of 3 was further confirmed by single-crystal X-ray data analyses.
The genus Croton (Euphorbiaceae), one of the largest genera of flowering plants [1] , is a rich source of terpenoids. A great variety of structurally diverse diterpenoids such as abietanes [2] , neoclerodanes [3] labdanes [4] , and ent-kauranes [5] are frequently found in Croton species. The presence of cembranoids [6] and norcrotofolane-type diterpenoids [7] has also been reported. The unusual structure of one crotofolane diterpenoid was reported for the first time from C. corylifolius [8] ; the compound was named crotofolin A (6) . Furthermore, a series of compounds, crotofolins B, C, D and E, were identified from the same species [9] and from C. dichogamus [10] . More recently, new crotofolanes were reported from C. cascarilloides [11] . As part of our continuing interest in the chemistry of Croton species occurring in Venezuela [12] [13] [14] [15] , we now report the isolation and structural elucidation of four new diterpenoids with a crotofolane skeleton, isolated from stems of C. caracasanus Pittier, a species closely related to C. corylifolius. The in vitro cytotoxicity of the isolated metabolites against PC-3, HeLa, and MCF-7 tumor cell lines was also assessed. From a chemotaxonomic point of view, it is of interest to note that these crotofolane diterpenoids have been isolated only from related species of Croton.
Crotocarasin A (1) was isolated as a colorless sticky solid, [α] D 25 -33.3 (c 1.00, CHCl 3 ). Its molecular formula, C 20 H 22 O 4, was established by HREIMS as 326.1500, and its 13 C NMR spectrum indicated a structure with 10 indices of hydrogen deficiency. The IR spectrum of 1 revealed absorption bands for an α,β-unsaturated γ-lactone (1753 cm -1 ), α,β-unsaturated carbonyl (1663 and 1630 cm -1 ) and terminal olefin (901 cm -1 ) functionalities. The 1 H and 13 C NMR spectra (Tables 1 and 2 13 C NMR and DEPT data ( Table 2) indicated the presence of three methyl, four methylene and five methine carbons, one of them oxygenated, at δ C 82.3 ppm (C-9). The crotofolane skeleton was proposed on the basis of the mentioned features and the COSY, HMQC, and HMBC ( Figure 2 ) correlations, and also by comparison of spectroscopic data of compound 1 with those of crotofolin E (5), isolated many years ago from C. corylifolius and also isolated in this work ( Figure 1 ).
The differences between the NMR spectra of 1 and 5 could be explained by the absence of the hydroxyl group. Instead, the presence of a broad singlet integrating for one proton at δ H 5.00 (brs, H-9) identified another oxo-allylic proton on C-9, which was corroborated by the difference in the chemical shifts of the carbon in this position (δ C 82.3 vs 108.7) ( Figure 1 ). NOESY NMR experiments were performed for crotocarasin A (1); NOE correlations between the methyl group (H-20) and the oxo-allylic proton (H-5) were observed. The relationship between H-13 and H-9 was evident, indicating that both of them are on the same face of the structure. Due to this, the stereochemistry of the previous isolated crotofolanes was established on the basis of X-ray studies and similarities of the NMR data; here we propose that crotocarasin A (1) has a similar relative configuration to crotofolin E (5).
Crotocarasin B (2) was isolated as a yellow sticky solid with [α] D
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-56.6 (c 1.00, CHCl 3 ).The 13 C NMR and mass spectrometric data of 2 indicated that it has the molecular formula C 20 H 20 O 4 , thus accounting for eleven elements of unsaturation. The IR spectrum showed bands at 1735, 1710 and 1458 cm -1 . In the 13 C NMR spectrum of 4 (Table 2 ), a trisubstituted olefin was deduced from the signals at δ C 148.8 (C-9) and δ C 113.4 (C-10), additional to the terminal olefin also found in the previously described compounds.
The relationship of each proton and carbon was established from HMQC and HMBC spectra. Close examination of the NMR data (Tables 1 and 2) shows that 2 has the same framework as 1 and 5, and differs only at C-9 and C-10 ( Figure 1 ). An olefin between these two carbons, confirmed by the strong correlations observed in the HMBC experiment [δ H 5.97 (H-10) with δ C 148.8 (C-9), δ C 141.6 (C-8) and δ C 39.0 (C-11)] agrees with the proposed structure of 2, which could be obtained biogenetically by dehydration of crotofolin E (5), and is named by us as crotocarasin B.
Crotocarasin C (3) was isolated as white crystals, mp 236-238°C, [α] D 25 -78.4 (c 1.00, CHCl 3 ), and gave a molecular formula of C 22 H 26 O 5 , as determined by HREIMS. Comparison of the 1 H and 13 C NMR (Tables 1 and 2) with those of 5, suggested a similar structure, but with additional signals. The presence of a multiplet at δ H 3.80 (m, H-21), integrating for two protons, and a new methyl signal at δ H 1.19 (t, J = 7.2 Hz, H-22), showed the presence of an ethoxy group in this compound. 13 C NMR and DEPT spectra showed 22 carbon atoms with 26 attached protons. The signals that identify the principal subunits found in 1 and 5 were also visualized. Close examination of 2D NMR, HMQC, and HMBC data indicated that the crotofolane skeleton was the same as in 5, and that the ethoxy group found in 3 was attached to C-9. In the NOESY experiment on crotocarasin C (3), the NOE correlations more evident were between methyl H-20 and the oxo-allylic H-5. None was observed for protons H-7 and H-13, and with the same criteria used above for crotocarasin A, the relative stereochemistry of the chiral centers was proposed for crotocarasin C (3). In order to verify the stereochemical assignment made by NMR experiments, the structure of 3 was determined by single crystal X-ray analysis ( Figure 3 ). The molecular structure of 3 is shown in Figure 1 with the respective labels. - 
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3.01 (m) 3.21 (m) 3.48 (td, 11.6; 3.5) 3.15 (s) 3.59 (td, 11.6; 3.5)
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- Crotocarasin D (4) was isolated as a colorless oil, [α] D 25 -48.8 (c 1.00, CHCl 3 ), and gave the same molecular formula C 22 H 26 O 5 as 3, deduced from HREIMS and 13 C NMR. The 1 H NMR spectrum resembled compound 3, but with the relevant difference of one methyl signal integrating for 6 protons, which was identified at δ H 1.22 (d, J = 7.3 Hz, H-19 and t, J = 6.9 Hz, H-22); the correlations between carbons and protons at this chemical shift indicated that two methyl groups are involved with this signal; the carbon at δ C 17.5 (C-19) correlates with the doublet for H-19, and the signal at δ C 15.3 (C-22) is correlated with the triplet for H-22, respectively. The other two methyl groups present in 3 were found in 4, also as two singlets at δ H 1.83 (s, H-17) and δ H 1.46 (s, H-20). The differences in 1 H and 13 C NMR spectra between 3 and 4 (see Tables  1 and 2 ) involved mainly the seven membered ring and the gamma lactone. These differences could be explained by possible conformational changes in these rings. The NOESY NMR experiment of crotocarasin D (4) did not show any correlation between H-7/H-13. GIAO/CAM-B3LYP/6-31+G(d,p) calculations were performed on the three possible diastereomers to compare theoretical and experimental 1 H and 13 C NMR spectra, and thus predict the configuration of this new crotofolane, but were not conclusive (results not shown). Different experiments are necessary to propose the relative stereochemistry in the diastereomer of 3 named as crotocarasin D (4) . An attempt to obtain a crystal for this compound was unsuccessful.
Crotocarasins A-D (1-4) were tested for cytotoxic activity against human tumor cell lines PC-3, HeLa, and MCF-7, using the MTT method [16] . Adriamycin was used as a positive control. IC 50 values > 50 µM were obtained, which indicate that these crotofolanes were not cytotoxic.
Experimental
General experimental procedures:
Melting points were measured on a Kofler hot-stage melting point instrument and are uncorrected. Specific rotations were acquired with an ATAGO Polax-2L polarimeter. IR spectra were recorded on a Shidmazu 470 spectrophotometer, EIMS on a Varian Saturn 2000, and HREIMS with a Finnigan Trace mass spectrometer. NMR spectra were measured on a JEOL 270 MHz, and Bruker AMX-500. Chemical shifts are given in ppm referenced to the residual non-deuterated solvent signal (CHCl 3 7.24 and 77.0 ppm). CC was performed using Si gel (70-230 mesh) from Scharlau. TLC analysis was carried out using plastic precoated plates (Merck, Si gel plates GF 254, 0.2 mm) and the compounds were visualized using either a UV lamp λ = 254 nm or by spraying with p-anisaldehyde. All solvents used were of analytical grade.
Plant material:
Aerial parts of C. caracasanus Pittier were collected around Caracas, Venezuela, in August 2009 and identified by Dr Ricarda Riina. A voucher specimen (VEN 382364) has been deposited at the Herbario Nacional de Venezuela.
Extraction and isolation:
The air-dried and powdered stems (213 g) of C. caracasanus were extracted by maceration with MeOH (2 x 2L) at room temperature for 15 days, and the combined extracts were concentrated in vacuo. The residue was dissolved in a mixture of MeOH: H 2 O (1:1), and then partitioned in turn with n-hexane, dichloromethane, and EtOAc, to afford n-hexane (1.38 g), CH 2 Cl 2 (0.99 g), EtOAc (0.70 g) and a residual hydro-methanolic fraction (2.75 g). CC of the dichloromethane fraction over Si gel, using a CH 2 Cl 2 : EtOAc (90:10) mixture with increasing polarity afforded fractions A-M. Fraction D furnished crotocarasin B (2) (55.0 mg); fraction E was subjected to chromatography with Si-gel eluting with n-hexane:EtOAc:MeOH (65:30:5) to yield crotocarasin C (3) (29.3 mg). Crotocarasin D (4) (23.1 mg) was obtained pure after purification of fraction J by CC on Si gel using a step gradient of CH 2 Cl 2 :n-hexane (0-5%) as eluent. In the same manner, fraction G gave crotofolin E (5) (51.5 mg). Preparative TLC (CHCl 3 : EtOAc, 88:12) of fraction I afforded crotocarasin A (1) (19.2 mg). Note: several NMR assignments were different from those reported in the reference and here are reassigned according to 2D NMR data, which was not available in the original publication [9] .
Crystal data of crotocarasin C (3):
Compound 3 was crystallized from CHCl 3 solution by slow solvent evaporation. A colorless block crystal was selected for crystallographic measurements. Intensity data were recorded at room temperature on a Rigaku AFC-7S diffractometer equipped with a Mercury CCD detector using monochromatic Mo(Kα) radiation (λ = 0.71070 Å). Experimental details on unit cell and intensity measurements can be found in the CIF file deposited at the Cambridge Crystallographic Data Centre with CCDC number 867457. The structure was solved by Direct Methods and refined by full-matrix least-squares on F 2 . The Hatoms on C were placed in calculated positions using a riding atom model with fixed C-H distances [0.93 Å for C(sp 2 ), 0.96 Å for C(sp 3 , CH 3 ), and 0.97 Å for C(sp 3 , CH 2 )]. All the H atoms were refined with isotropic displacement parameters set to 1.2 × Ueq for C(sp 2 ) and 1.5 for C(sp3) of the attached atom. All the refinement calculations were made using SHELXTL-NT [16] .Molecular formula = C 22 H 26 O 5, molecular mass = 370.4393, crystal system = orthorhombic, space group = P2 1 
